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Adenosine-sensitive focal atrial tachycardia (AT) has been shown to originate in the
conﬁned area near the His-bundle. While several pieces of evidence support focal reentry
as the primary underlying mechanism, few studies have clearly demonstrated entrain-
ment. In this report, we present a case of adenosine-sensitive focal AT by focal reentry,
wherein we were able to obtain clear evidence for entrainment.
& 2012 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Adenosine-sensitive focal atrial tachycardia (AT) can
arise from the conﬁned area near the His-bundle. In 1997,
Iesaka et al. characterized adenosine-sensitive atrial reen-
trant tachycardia near the His-bundle as a new disease
category [1]. While they have provided several evidences
supporting focal reentry as the mechanism of AT, entrain-
ment has not been demonstrated. In fact, few reports
published thus far have demonstrated entrainment in this
type of AT. In the present report, we describe a case of
adenosine-sensitive focal AT, wherein we were able to
explain the reentry mechanism through the demonstra-
tion of manifest entrainment.2. Case report
A 73-year-old woman was admitted for the evaluation
of recurrent episodes of palpitation persisting for 16rt Rhythm Society. Publish
.
i).months. The clinical tachycardia generally appeared on
exertion, with sudden onset and cessation. There were no
other cardiac symptoms. The patient had been previously
diagnosed with hypertension and dyslipidemia. The
results of the clinical examination and echocardiographic
examination were normal. On admission, the electrocar-
diogram showed regular sinus rhythm, with the incom-
plete right bundle-branch block pattern and normal axis.
An electrocardiogram recorded during an episode of
palpitations showed narrow QRS complex tachycardia of
long R–P intervals, with a cycle length of 380 ms. P-waves
were negative in leads II, III, aVF, and V3–V6; negative/
positive, in I; positive/negative, in V1 and V2; and positive,
in aVR and aVL (Fig. 1).
After receiving informed consent from the patient, we
performed an electrophysiologic study without sedation.
Antiarrhythmic medication was withdrawn 5 days before
the study. Five-French quadripolar and decapolar electro-
des were introduced to the high right atrium, His-bundle
region (HIS), right ventricular apex (RVA) via the right
femoral vein, and into the coronary sinus (CS) via the right
internal jugular vein. Pacing at each site was performed at
an output of 2 times the diastolic threshold and with aed by Elsevier B.V. All rights reserved.
Fig. 1. P-wave morphology during sinus rhythm (SR), atrial tachycardia (AT), proximal coronary sinus (CS os) pacing during SR and AT, and His-bundle
region (HIS) pacing. When rapid pacing was performed from the CS os, P-wave morphology (open triangle) was slightly different from that obtained by
CS os pacing during sinus rhythm. Similarly, during entrainment pacing from the HIS, P-wave morphology (gray triangle) was altered. The P-wave
morphology of the last captured beat (closed triangle) was similar to that of the spontaneous AT beat. PCL, pacing cycle length.
Fig. 2. Baseline electrophysiologic study. (a) Atrioventricular conduction
curve. Jump-up phenomenon was observed at an A1–A2 interval of
240 ms. Functional and effective refractory periods were 332 ms and
240 ms, respectively. (b) Ventriculoatrial conduction curve. Jump-up
phenomenon was observed at an S1–S2 interval of 380 ms.
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stimulator (BC-05, Fukuda Denshi Co., Ltd., Tokyo, Japan).
At baseline, the patient exhibited normal A–H (57 ms)
and H–V (44 ms) intervals, with a sinus cycle length of
784 ms. Both antegrade and retrograde dualatrioventricular (AV) nodal physiologies were assessed
by atrial and ventricular extrastimulus (Fig. 2), without
inducible AV nodal reentrant tachycardia. The clinical
tachycardia could be induced with reproducible results
by single atrial extrastimulus (S1–S1: 600 ms, S1–S2:
240–400 ms) from the proximal CS (CS os). At this time,
the tachycardia exhibited an inverse relationship between
the S1 and the S2 interval and the ﬁrst postpacing return
cycle. The earliest site of atrial activation during tachy-
cardia was recorded at the HIS. Although the earliest atrial
activation during ventricular pacing was also observed at
the HIS, the retrograde atrial activation sequence was
different from that during tachycardia. The tachycardia
could be induced with reproducible results by ventricular
pacing with the V–A–A–V sequence on initiation (Fig. 3a).
Rapid atrial pacing terminated the tachycardia, whereas
ventricular pacing during tachycardia resulted in AV
dissociation without affecting the atrial cycle length or
perpetuation of the tachycardia (Fig. 3b). Intravenous
administration of 5 mg of adenosine 50-triphosphate pro-
longed the tachycardia cycle length and terminated
tachycardia prior to development of AV conduction block.
At this time, the prolonged A–A intervals were reﬂected
on the following V–V intervals, with the corresponding
A–V intervals remaining constant, at 104 ms (Fig. 3c).
Induction and perpetuation of the tachycardia were inde-
pendent of a jump-up of A–H interval and A–H block.
During the tachycardia of a stable cycle length of
380 ms, entrainment was demonstrated with reproducible
results by rapid pacing from the CS os and the HIS (Fig. 4).
When rapid pacing was performed from the CS os,
P-wave morphology and atrial activation sequence were
altered. The resultant P-wave morphology was slightly
different from that formed by CS os pacing during sinus
rhythm. We could conﬁrm a small but obvious negative
reﬂection in lead V2 during the entrainment from CS os
(Fig. 1). At this time, the atrial activation sequence also
showed a minute change (Fig. 5). No obvious changes
were noted in P-wave morphology, and the atrial
Fig. 3. Electrophysiologic ﬁndings. (a) Induction of atrial tachycardia (AT) by ventricular pacing. The retrograde atrial activation sequence was different
from that during AT. The AT was induced by ventricular pacing with the V–A–A–V sequence on initiation. (b) Ventricular pacing during AT. Ventricular
pacing during AT demonstrated atrioventricular (AV) dissociation. (c) Intravenous administration of 5 mg of adenosine 50-triphsophate during AT.
Intravenous administration of 5 mg of adenosine 50-triphosphate prolonged the tachycardia cycle length and terminated tachycardia before the
development of AV conduction block. HRA, high right atrium; HIS, His-bundle region; CS os, proximal coronary sinus; RVA, right ventricular apex;
S, stimulus.
Fig. 4. Electrogram during entrainment pacing. An inverse relationship between the pacing cycle length (PCL) and the postpacing interval (PPI) was
found. PPI was 433 ms and 475 ms after pacing from the CS os, with PCL 365 ms and 335 ms, respectively, and 400 ms and 414 ms after pacing from the
HIS with PCL 365 ms and 335 ms, respectively. Abbreviations as in Fig. 3.
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increased (Figs. 4 and 5).
During entrainment pacing from the HIS, the P-wave
morphology became almost identical to that observed
during tachycardia. However, minute differences were
also evident in V1 and V2 (Fig. 1).
When rapid pacing from the CS os and the HIS was
terminated, the spontaneous tachycardia resumed promptly
after the last captured atrial beat. The P-wave morphology of
the last captured beat was similar to that of the spontaneous
tachycardia beat (Figs. 1 and 4). An inverse relationship was
found between the pacing cycle length (PCL) and thepostpacing interval (PPI). PPI was shorter in the HIS than
the CS os for each PCL (Fig. 4). Pacing with PCL shorter
than 335ms terminated the tachycardia with reproducible
results.
On the basis of these electrophysiologic ﬁndings, the
tachycardia was diagnosed as adenosine-sensitive focal
reentrant AT near the His-bundle. We then performed
precise mapping of the right atrium after replacing the
electrode positioned in the RVA with a 7-French ablation
catheter having a 4-mm-long electrode at its distal end, 2
mm interelectrode spacing, and a deﬂectable tip (Ablaze
E, Japan Lifeline Co., Tokyo, Japan). The earliest atrial
Fig. 5. Atrial activation sequence during entrainment from CS os. We could conﬁrm an obvious notch in HIS 1-2 and delay of positive reﬂection in HIS 3-4
(open triangle), as against the atrial activation sequence (closed triangle) formed by CS os pacing during sinus rhythm (SR). Abbreviations as in Figs. 1 and 3.
Fig. 6. Successful ablation site near the HIS and termination of AT. (a) Catheter position at the site of successful ablation. The earliest atrial activation was
recorded at the right atrial anteroseptal region in the vicinity of the HIS. (b) Electrogram at ablation. The local electrogram recorded from the distal
electrodes of ablation catheter during AT preceded the onset of the surface P-wave of V1 by 46 ms. (c) Termination of tachycardia. Radiofrequency
ablation terminated the AT within 3.4 s of the initiation of current delivery. LAO, left anterior oblique; ABL, ablation catheter; dist, distal electrode; prox,
proximal electrode; other abbreviations as in Figs. 1 and 3.
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region in the vicinity of the HIS (Fig. 6a). At this region,
the local electrogram recorded from the distal electrodes
of the ablation catheter during tachycardia preceded the
discrete onset of the surface P-wave of V1 by 46 ms, with
an A/V ratio of 1.2 (Fig. 6b). Radiofrequency ablation for
180 s (maximum power, 10 W and maximum tempera-
ture, 50 1C) applied at this region abruptly terminated the
AT within 3.4 s of the initiation of current delivery
(Fig. 6c). Neither transient acceleration nor junctional
beats were observed during the ablation. The AT could
no longer be induced. The patient was discharged with no
medication, except for 100 mg oral aspirin for 4 weeks.
She has had no recurrence of AT during the follow-up
period of 26 months.3. Discussion
In this case report, we demonstrated the consistent
fusion of P-waves during CS os pacing, except for the last
captured beat, which was entrained but not fused,
thereby satisfying the entrainment criteria [2,3]. The
tachycardia could be induced with reproducible results
by a single atrial extrastimulus within constant coupling
intervals. An inverse relationship was found at tachycardia
induction and entrainment pacing. The induced AT did not
exhibit the warm-up phenomenon. All these ﬁndings
indicate reentry as the mechanism of the AT.
Adenosine-sensitive AT is usually focal in origin and
arises from the region of the crista terminalis (inclusive of
the sinus node), AV annulus, CS os, and various atrial sites
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cyclic adenosine monophosphate, resulting in the inhibi-
tion of the inward calcium current [11,12]. Thus, adeno-
sine-sensitive reentrant AT is believed to involve calcium-
channel-dependent substrates, such as those on the
remnant or sleeve of AV nodal-like structures identiﬁed
along the AV vicinity and AV annulus [1,5,10,13].
This type of AT characteristically occurs in the inces-
sant, nonsustained repetitive pattern with oscillations in
the A–A intervals [1,4], generally making it difﬁcult to
demonstrate entrainment. In the present case, however,
entrainment was clearly observed because the AT had a
relatively stable rhythm and sufﬁcient persistence.
During pacing from both the CS os and the HIS, manifest
entrainment was demonstrated. PPI was shorter in the HIS
than the CS os, at each PCL. Similarity with the P-wave
morphology of tachycardia was greater when obtained dur-
ing entrainment from the HIS than when obtained during
entrainment from the CS os. Consistent fusion in the atrial
activation sequence was observed in the conﬁned area
around HIS 1-2 and HIS 3-4 (Fig. 5) during entrainment from
the CS os. These ﬁndings indicate the proximity of the distal
HIS to the exact microreentry circuit.
As shown in this study, careful and precise observation
is necessary to demonstrate entrainment, which is not
always clear-cut in AT. Intrinsically, the P-wave is too
subtle to reﬂect a small change in the morphology. In
addition, it is not possible to prevent T-wave morphology
from interfering with P-wave morphology during rapid
atrial pacing. We focused on leads V1 and V2 (Fig. 2)
because the inﬂuence of the previous T-wave was mini-
mized in those leads. We could not observe obvious
changes in P-wave morphology when the CS os and the
HIS pacing rates were increased. It might be more difﬁcult
to demonstrate progressive fusion of P-wave in focal
reentrant AT because the interference by the previous
T-wave is unavoidably increased.
Progressive fusion of the atrial activation sequence
also could not be detected. During atrial fusion, the local
excitation is determined by whether the local myocar-
dium was captured by the excitation from the entrain-
ment pacing site or by the excitation from the site of exit
of the reentry circuit. Therefore, the local excitation
pattern should be ‘‘all-or-none,’’ as demonstrated by the
distal HIS electrodes in this case (Fig. 5). The difference
in the distribution of each local excitation pattern is
reﬂected in P-wave morphology as a fusion. As demon-
strated in Fig. 5, the atrial area captured by the excitation
from the reentry circuit during entrainment pacing from
the CS os might be relatively small and conﬁned to the
vicinity of the distal HIS. Therefore, to detect the progres-
sive fusion of the atrial activation sequence, the spatial
resolution afforded by the current electrode disposition
would be too low.
After the ﬁrst report published by Iesaka et al. [1],
the apex of the triangle of Koch has been identiﬁed
as a speciﬁc site for the origin of focal AT [5–8]. Alter-
native radiofrequency delivered from the left interatrial
septum or non-coronary aortic sinus of Valsalva has
been demonstrated to effectively terminate AT, while
avoiding the potential risk of inadvertent damage to theAV nodal conduction system [6–8,14–16]. However, the
presumable mechanism and responsiveness to adenosine
have not always been fully explained in any of the
previous reports. In this report, we were able to explain
the reentry mechanism through the demonstration of
manifest entrainment (entrainment with fusion) by the
pacing from the CS os. This ﬁnding was not consistent
with those of Yamabe et al., who suggested that entrain-
ment with fusion cannot be observed because rapid atrial
pacing from the CS easily captures the earliest atrial
electrogram antidromically [5]. They presumed that the
reentry circuit of the AT is too small to permit the
observation of manifest entrainment. In the present case,
we did not perform three-dimensional electroanatomic
mapping, and we could not observe concealed entrain-
ment. Therefore, the precise reentry circuit and duration
of the excitable gap could not be elucidated. However, our
ﬁndings indicated that, at least, the reentry circuit of the
present AT had sufﬁcient size or an excitable gap to
permit the advancement of the atrial electrograms by
the pacing from an atrial activation site that was not the
earliest.
Currently, we are unable to fully understand the
diversity and distribution of the AT arising around the
apex of the triangle of Koch. Koyama et al. closely studied
the spatial and topographic variation in the distribution of
this type of AT around the His-bundle [17]. As demon-
strated in the present case, detailed electrophysiologic
evaluation in relation to each anatomic structure should
be attempted in each case. Attempts should be made
to identify areas where concealed entrainment can be
demonstrated, followed by a detailed systematic analysis
of PPI and stimulus-P and local electrogram-P intervals;
this might enable the precise determination of the size
and orientation of the microreentry circuit.
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